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Abstract

Background: Despite the growing prevalence of excess weight and prediabetes in children, the contributing role
of dietary behaviors throughout childhood remains poorly understood. We examined longitudinal associations of
dietary behaviors throughout childhood with adiposity and estimated insulin resistance (HOMA-IR) in adolescence.

Methods: Among 995 children from Project Viva, a pre-birth cohort, we examined associations of child dietary
behaviors (frequency of eating breakfast, fast food, family dinner, and eating meals while watching television) reported
annually throughout childhood (from ages 4 to 11 years) with body mass index z-score (BMI-z; n=991), waist
circumference (WG, n =995), DXA overall and central adiposity measurements (n =721), and HOMA-IR (n =579) in early
adolescence (13.2 + 0.9 years old). We used mixed effects models adjusted for potential confounders.

Results: Fating breakfast daily throughout childhood was associated with lower BMI-z and DXA-measured
overall and central adiposity in boys and girls (e.g. for whole-body fat %: 3 —1.43% [95% Cl: -2.42, —0.45]
and — 1.47% [—2.25, —0.68]), and with lower HOMA-IR in boys (% difference —15.6% [—22.7, —7.9]). Daily
family dinner and eating fast food less than once per week throughout childhood were both associated with
lower BMI-z and adiposity in girls (for BMI-zz 3 —0.17 units [-0.24, —0.11] and 3 —0.09 units [-0.17, —0.02])
and lower insulin resistance in boys (% difference —7.3% [—12.4,—1.8] and —7.6% [-13.2, —1.7]). Finally, eating
meals while watching television < 1/week throughout childhood was associated with lower adolescent
adiposity (e.g. WC: —1.55cm [-2.39, —0.71]) and HOMA-IR (% difference: —10.7% [—15.8, —5.2]) in boys.

Conclusion: Healthful dietary behaviors throughout childhood are associated with less adiposity and lower
estimated insulin resistance in early adolescence.
Trial registration: NCT02820402
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Background

Over the past decades, childhood obesity has become a
global epidemic [1], and it is associated with an early ap-
pearance of complications that have been traditionally
recognized as adult diseases. For example, type 2 dia-
betes has been increasingly reported in children and ad-
olescents [2, 3] and this increasing prevalence of type 2
diabetes in children parallels the increasing prevalence
of obesity and overweight. Pediatric obesity is multifac-
torial and can be caused by a vast array of genetic, be-
havioral and environmental factors [4, 5].

Several lifestyle components including unhealthy dietary
behaviors have been associated with the rising prevalence
of childhood obesity and related cardiometabolic disorders
[6]. However, previous observational reports often did not
account for potential confounders and did not have longi-
tudinal assessment over multiple time points during child-
hood to investigate long-term effects of lifestyle behaviors.
In addition, little is known about the contributing role of
dietary behaviors to insulin resistance and type 2 diabetes
in children, and whether these associations, if present, are
independent of adiposity.

The aim of this study was to examine longitudinal asso-
ciations of dietary behaviors including frequency of eating
breakfast, family dinner, eating fast food, and eating meals
while watching television, throughout childhood with
obesity, body composition, and estimated insulin resist-
ance in early adolescence. A better understanding of the
long-term effects of these dietary behaviors on risk of
childhood obesity and insulin resistance could help im-
prove the focus of family-based interventions in children.

Methods

Subjects

We studied participants from Project Viva, a longitu-
dinal pre-birth cohort from eastern Massachusetts,
United States, established to examine associations of
pre- and postnatal factors with maternal and child
health. Between 1999 and 2003, we recruited women
who understood English, were at <22 weeks of preg-
nancy and with a singleton pregnancy during their first
prenatal visit at one of the participating clinics from
Atrius Harvard Vanguard Medical Associates [7]. We
previously published a full cohort description, including
recruitment methods [7] and we registered Project Viva
as NCT02820402. All study instruments and protocols
are available online, at https://www.hms.harvard.edu/
viva/protocol-policies.html.

Women who agreed to participate completed
in-person visits during early pregnancy, mid-pregnancy,
and at delivery. Mothers and children then completed
in-person visits in infancy (6 months), early (mean age,
3.2 years old), and mid-childhood (mean age, 7.9 years
old) as well as early adolescence (mean age, 13.2 years).
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Every year beginning at 1year postpartum, we mailed
questionnaires to mothers, and we sent questionnaires
to children as well starting at age nine years. From the
original 2128 live-born singletons, 1684 remained eli-
gible (did not disenroll) for the early teen visit and 1038
completed the in-person study visit. Of 1038, we ex-
cluded 7 with missing covariate data and 36 with no data
for dietary behaviors throughout childhood, thus the
final analysis sample included 995 participants
(Additional file 1: Figure S1).

The 995 included compared to the 1133 excluded par-
ticipants from the initial cohort were similar in terms of
maternal pre-pregnancy BMI (mean 24.8 vs. 25.0 kg/m?),
marital status (92 vs. 91% married or living together), par-
ity (47% vs. 48% nulliparous), and child race/ethnicity (65
vs. 63% white). Women included were more likely to have
completed a college degree (71 vs. 59%) and had higher
annual household income (64 vs. 58% reported > US
$70,000/year).

The institutional review board of Harvard Pilgrim
Health Care approved this study and all procedures were
in accordance with the ethical standards for human ex-
perimentation established by the Declaration of Helsinki.
All mothers provided written informed consent at en-
rollment and at each postpartum in-person visit, and
children provided verbal assent at the early teen visit.

Measurements

Exposures

We obtained data on dietary behaviors from
self-administered questionnaires. We sent yearly question-
naires (by mail and/or email) to mothers who were still
enrolled in the cohort, except for at the mid-childhood
when the questionnaires were self-administered during
in-person visits at home or at the research facility. Starting
at age nine years, participating children themselves also
completed yearly questionnaires. Thus, for this study, the
exposures are based on maternal reports from ages four to
eight years and child reports from ages nine to eleven
years. Although questionnaires were sent starting at
one-year postpartum, the dietary behaviors of interest in
this analysis (exposures) were included in the question-
naires beginning at age four. The number of collected
questionnaires at each visit from age four to age eleven
ranged from 584 to 916 (59 to 92% of included sample per
year; Additional file 1: Figure S2).

We examined four dietary behaviors in this study: eat-
ing breakfast, eating dinner together with family, eating
fast food, and eating meals while watching television.
We questioned participants on the average frequency of
these behaviors over the previous month. For example,
for family dinner, the question was: In the past month,
on average, how often does your child eat supper or din-
ner together with family members (“family dinner”)?
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Answers ranged on a five-level scale, from “never/less
than once per week” to either “every day” or “five times
per week or more”, depending on the question. For ana-
lysis purposes, we categorized eating breakfast and eating
dinner together with family as “always/daily” versus “< six
times per week”. We categorized fast food consumption
and eating meals while watching television as “less than
once per week (between zero and three times per month)”
versus “> once per week”. Categorization was based upon
available choices of answers in questionnaires through
time, and so that for each behavior we were comparing
the hypothesized beneficial direction of exposure com-
pared with the less beneficial exposure. All four behaviors
were reported annually from age four to eleven except for
breakfast eating, which we did not assess at age eleven.

Outcomes

Outcomes included children’s adiposity measurements and
estimated insulin resistance at early adolescence (mean +
SD: 13.2 + 0.9 years old). Research assistants performing all
measurements completed regular training and used stan-
dardized techniques. During the in-person visit, we mea-
sured weight (TBF-300A scale, Tanita, Arlington Heights,
IL) and standing height (calibrated stadiometer, Shorr Pro-
ductions, Olney, MD). We calculated age and sex-specific
BMI z-scores (BMI-z) using U.S. national reference data
[8]. We measured waist circumference just above the iliac
crest in standing participants with waist exposed using a
Gulick II measuring tape (Performance Health, Warren-
ville, IL) [9]. We measured whole-body fat percentage with
bio-impedance (BI) analysis using the TBF-300A scale. We
also performed dual-energy X-ray absorptiometry (DXA)
scans (Hologic model Discovery A, Bedford, MA) for par-
ticipants who completed the in-person visit at the research
facility (n =721). A quality control check of the DXA scan
(inspection and daily calibration with a standard phantom
from the manufacturer to assess for machine drift), as per
manufacturer’s instructions, was completed on every day
with in-person visits and Hologic software version 4.0 was
used for scan analysis. The same DXA scanner was used
on all participants, and a single trained research assistant
verified all scans and defined body regions for analysis.
Whole-body fat percentage, trunk fat mass and trunk to
peripheral fat mass ratio were derived from the DXA scan
analysis [10]. A phlebotomist performed fasting blood draw
in willing participants at early adolescence (n=579). We
requested that children were fasting for at least eight hours
before the time of the blood draw. Plasma fasting insulin
was measured using an electro-chemiluminescence im-
munoassay on the Roche Modular system and fasting glu-
cose was measured enzymatically using Roche Diagnostics
reagents. We estimated insulin resistance using the
homeostatic model assessment (HOMA-IR; (glucose in
mg/dL x insulin in pU/mL) / 405) [11].
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Covariates

At enrollment during the first trimester of pregnancy
(median 9.9 weeks), women reported their age, education
level, parity, marital status, household income, height,
and pre-pregnancy weight, from which we calculated
pre-pregnancy BMI (kg/m?). We obtained child’s sex
from the delivery interview and mothers reported their
child’s race/ethnicity at the early childhood (3-year) visit.

Statistical analysis

We categorized characteristics of mothers and children
as presented in Table 1 and presented descriptive char-
acteristics for mothers at inclusion and children in early
adolescence as mean + SD or number (%). We calculated
annual prevalence of each of the four dietary behaviors
of interest including all children with at least one early
adolescence outcome, and present sex-specific preva-
lences from ages 4 to 11 (4 to 10 for daily breakfast) in
Fig. 1. We examined whether the proportions of partici-
pants adopting each behavior varied yearly using
McNemar'’s tests. We examined associations of maternal
and child characteristics at inclusion with dietary behav-
iors throughout childhood (age 4 to 11) separately in
boys and girls using general linear mixed models (PROC
GLIMMIX) with a logistic link function (Table 2). We
estimated the longitudinal associations of childhood diet-
ary behaviors from age 4 to 11 with adiposity measure-
ments and HOMA-IR in early adolescence using
multivariate linear mixed effect models, with the children’s
age at exposure and covariates as fixed effects, and subject
as a random effect (Table 3). The first model was adjusted
for age at outcome, while model 2 was additionally ad-
justed for baseline maternal socio-demographic character-
istics as well as child’s race/ethnicity. Finally, model 3 was
additionally adjusted for maternal pre-pregnancy BMI.
We assessed sex interactions in the longitudinal models
and we found significant interactions across all behaviors.
As a result, we conducted all analyses stratified by sex. Be-
cause HOMA-IR was right skewed, we log-transformed
this outcome prior to including in the linear mixed model.
We also presented associations with HOMA-IR addition-
ally adjusted for current BMI at early adolescence. To sim-
plify the interpretation, we exponentiated regression
coefficients and confidence intervals and we presented
them as percent change. We conducted all analyses using
SAS version 9.4 (SAS Institute).

Results

Our sample included 504 boys and 491 girls for whom
at least one outcome was measured during early adoles-
cence (mean +SD: 13.2 £ 0.9 years old). Children were
mostly white (65%) and the majority of mothers had a
high education level (71% >college degree) and
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Table 1 Maternal baseline characteristics and children’s characteristics in early adolescence (N = 995)
Maternal characteristics Overall (N =1995) Boys (N =504) Girls (N=491)
Age, years 324+£5.1 322+£53 326+£48
Annual household income, US$®

> 70,000 589 (64) 302 (66) 287 (63)

<70,000 327 (36) 155 (34) 172 (37)
Maternal education

2 College degree 709 (71) 348 (69) 361 (74)

< College degree 286 (29) 156 (31) 130 (26)
Mother's marital status

Married / cohabitating 916 (92) 466 (92) 450 (92)

Other 79 (8) 38 (8) 41 (8)
Parity

Nulliparous 472 (47) 239 (47) 233 (47)

21 child 523 (53) 265 (53) 258 (53)
Pre-pregnancy BMI, kg/m? 248+52 248+49 247+55
Pre-pregnancy BMI

225 kg/m2 367 (37) 197 (39) 170 (35)

<25 kg/m2 628 (63) 307 (61) 321 (65)
Child characteristics Overall Boys Girls
Race / ethnicity

White 647 (65) 315 (63) 332 (68)

Black 29 (3) 16 (3) 1303)

Asian 157 (16) 85 (17) 72 (15)

Hispanic 45 (5) 24 (5) 21 (4)

Other 117 (12) 64 (13) 53(11)
Age at early adolescence visit, years 132+09 132+£10 132+£09
BMI Z-score, unit® 037+1.06 039+ 1.06 034106
Waist circumference, cm 730£116 733+£121 728+ 11.1
Bl whole-body fat, %° 21.8+£103 175+£93 262+£94
DXA whole-body fat, % 286+75 268+80 304+66
DXA trunk fat, kg® 6.2+40 57+40 66+39
Trunk to peripheral fat ratio® 0.59+0.12 0.57+0.11 061+0.12
Fasting glucose, mg/dI® 929+235 932+183 926+ 28.1
Fasting insulin, uU/ml® 14.1+90 127+90 15.7+89
HOMA-IR® 323£243 2.88+£2.18 362+263

Presented as mean = SD or N (%); BMI Body mass index, Bl Bio-impedance, DXA Dual-energy X-ray absorptiometry, HOMA-IR Homeostatic model assessment for

insulin resistance
AN=916" N=991,° N=982;¢ N=721;° N=579

household income (64% >70,000 $US), and 92% were
married or cohabitating (Table 1).

The frequency of healthful dietary behaviors either
remained stable or decreased slightly with age in both
sexes, although not in a linear fashion. Daily breakfast in-
take remained quite stable from age 4 (86%) to age 10
(84%; P =0.12). Daily family dinner decreased, from 57%
at age 4 to 46% at age 11 (P <0.001); its decrease mainly
started around 9years old. Fast food consumption less

than once per week, decreased slightly, from 77 to 71%
(P<0.001), with a first drop between 6 and 7 years. Fi-
nally, eating meals while watching television less than
once per week remained stable, 64 and 63% at ages 4 and
11 (P=0.32). The proportion of boys eating fast food less
than once per week was lower than for girls at 10 (64 vs.
72%; P =0.02) and 11 years old (67 vs. 76%; P =0.01). No
other sex-specific differences were observed in frequency
of healthful dietary behaviors during childhood.
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Fig. 1 Trends in dietary behaviors in boys (a) and girls (b) throughout childhood (N =297 to 461 for boys and N = 284 to 455 for girls)

—o— Eating breakfast,
daily

—&— Eating fast food
<1x/wk

—— Eating meals while
watching television
<1x/wk

=& Family dinner, daily

*Significantly different
compared to boys

J

Both child and maternal characteristics were associated
with dietary behaviors in both boys and girls (Table 2).
Child’s race / ethnicity was associated with all four exam-
ined dietary behaviors. A lower household income was as-
sociated with lower odds of eating breakfast daily, eating
fast food less than once per week and eating meals while
watching television less than once per week. A lower ma-
ternal education level, not being married or in partnership,
and being overweight/obese pre-pregnancy were addition-
ally associated with a lower odds of eating family dinner
daily. Parity was not associated with dietary behaviors
throughout childhood.

We present sex-stratified adjusted longitudinal associ-
ations of dietary behaviors throughout childhood, from
age 4 to 11, with early adolescent (age 13.2 + 0.9 years)
adiposity and estimated insulin resistance in Table 3.
Overall, the effect estimates for all associations were

reduced after adjustment for socio-economic character-
istics, and further attenuated after adjustment for mater-
nal pre-pregnancy BMI, although several associations
remained significant. In fully adjusted models, eating
breakfast daily was associated with lower adiposity mea-
surements (BMI-z, DXA whole-body fat percentage and
trunk to peripheral fat ratio) in both boys and girls, as
well as with lower HOMA-IR in boys and with lower
waist circumference, Bl whole-body fat percentage and
DXA trunk fat mass in girls. The association with
HOMA-IR in boys remained significant after adjustment
for current BMI (BMI-adjusted % difference: —12.9%;
95% CI [-19.5, - 5.7]). Daily family dinner was associ-
ated with lower adiposity (BMI-z, waist circumference,
BI whole-body fat percentage, DXA trunk fat mass and
trunk to peripheral fat ratio) in girls. In boys, daily fam-
ily dinner was associated with lower HOMA-IR, an
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Table 2 Associations of maternal and child characteristics with dietary behaviors among Viva children throughout childhood (ages 4

to 11 years; N =995)

Eating breakfast daily Eating dinner with family daily

Eating fast food < 1/wk Eating meals while watching television < 1/wk

OR (95% CI)
Boys Girls Boys Girls Boys Girls Boys Girls
Maternal characteristics
Household income
>70,000 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Us$
< 70,2)00 055(039,076) 056 (040,0.79) 097 (0.77,122) 104 (083,1.31) 087 (068, 1.11) 0.58 (045, 0.73) 0.76 (0.60, 0.98) 061 (048, 0.78)
UsS
Maternal education
> College 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
degree
< College 043 (031,059) 045 (032,063) 091 (0.73,1.15) 076 (059,097) 061 (048,077) 049 (038, 0.64) 0.54 (042, 0.69) 046 (0.35, 0.60)
degree
Maternal marital status
Married / 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
cohabitating
Other 035 (021,059 039 (024,064) 103 (066, 161) 064 (042,098) 091 (057, 146) 0.56 (0.37, 0.85) 0.52 (0.33, 0.83) 045 (0.29, 0.68)
Maternal parity
> 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Nulliparous ~ 1.03 (0.76, 141)  1.37(099,190) 1.02 (083, 126) 1.15(093,143) 1.14(091,142) 1.24 (0.98, 1.56) 0.86 (0.68, 1.07) 1.02 (0.81, 1.28)
Maternal pre-pregnancy BMI
<25kg/m? 10 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
> 25kg/ m?  072(053,099 065 (046,090) 102 (082,126) 077 (061,096) 081 (064, 102) 057 (045, 0.73) 0.79 (063, 0.99) 0.69 (0.54, 0.88)
Child characteristics
Race/ethnicity
White 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Asian 064 (028, 149) 042 (0.19,094) 084 (047,149) 263 (126,550) 071 (039, 1.30) 1.53 (0.68, 3.43) 0.89 (048, 1.67) 2.04 (0.86, 4.85)
Black 038 (0.26,056) 035(023,053) 072 (0.53,097) 068 (049,095 050 (037,068) 0.55(0.39,0.77) 0.52 (0.38,0.71) 0.38 (0.27,0.53)
Hispanic 048 (024,094) 028 (0.14,055) 134(079,227) 099 (054,1.80) 090 (051, 1.59) 0.30 (0.17, 0.53) 0.95 (0.54, 1.66) 043 (0.23,0.79)
Other 048 (031,075 104 (058,185 1.04(0.76,143) 1.04(073,147) 094 (066, 1.34) 0.80 (0.55, 1.15) 0.92 (0.65, 1.30) 049 (0.34,0.71)
association that remained significant after adjustment [-12.5, —2.6]). In girls, eating meals while watching tele-

for current BMI (BMI-adjusted % difference; — 5.5 95%
CI [-10.2, —0.5]). Eating fast food less than once per
week was associated with lower adiposity (BMI-z, waist
circumference and DXA adiposity measurements) in
girls as well as with lower HOMA-IR only in boys and
girls; however, the associations with HOMA-IR were at-
tenuated after adjustment for current BMI (BMI-ad-
justed % difference: —4.5%; 95% CI [-9.7, 1.0] in boys
and - 4.7% [-9.9, 0.8] in girls). Associations of eating
meals while watching television with adiposity were
mainly seen in boys: eating meals while watching televi-
sion less than once per week throughout childhood was
associated with lower adiposity (BMI-z, waist circumfer-
ence, BI whole-body fat percentage, and DXA adiposity
measurements) and HOMA-IR in boys, an association
that was only slightly attenuated when adjusted for
current BMI (BMI-adjusted % difference: — 7.7%; 95% CI

vision less than once per week throughout childhood
was associated with lower BI whole-body fat percentage.

Discussion

In this longitudinal cohort, the proportion of children
with healthful dietary behaviors decreased slightly from
childhood into early adolescence in a non-linear trend,
and with only minor differences between girls and boys.
Dietary behaviors were associated with child and mater-
nal characteristics as well as socio-economic status. We
observed several sex-specific associations between diet-
ary behaviors throughout childhood and adiposity and
insulin resistance in early adolescence. Eating breakfast
every day was associated with lower adiposity, both over-
all (BMI-z, whole-body fat percentage) and central
(trunk to peripheral fat ratio) in boys and girls, and with
lower insulin resistance in boys. Daily family dinner and
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Table 3 Longitudinal associations of dietary behaviors throughout childhood (ages 4 to 11 years) with adiposity and estimated
insulin resistance in early adolescence (N =995)

Boys Girls
B (95% C) B (95% C)
Model 1° Model 2° Model 3¢ Model 1° Model 2° Model 3¢
BMI, Z-Score N=502 N =489
CEjatlmg breakfast -0.22 (-034,-0.11) —0.18(-030,-006) —0.13(-024,-002) -036(-048,—-024) —0.19(-=031,-007) —0.13(=0.23,—-0.02)
aily
Zar‘m\y dinner —-003 (=0.11, 0.04) —0.01 (= 0.09, 0.06) —0.01 (- 0.09, 0.06) —-0.26 (-033,-0.18) —0.21(-029,-0.14) -0.17 (—024,-0.11)
aily

Fast food restaurant
< 1/wk

Eating meals while watching
television < 1/wk

Waist circumference, cm
Eating breakfast daily
Family dinner daily

Fast food restaurant
< 1/wk

Eating meals while
watching television
< 1/wk

Bl whole-body fat, %

Eating breakfast
daily

Family dinner
daily

Fast food restaurant
< 1/wk

Eating meals while watching
television < 1/wk

DXA whole-body fat, %
Eating breakfast daily
Family dinner daily

Fast food restaurant < 1/wk

Eating meals while
watching television < 1/wk

DXA trunk fat mass, kg
Eating breakfast daily
Family dinner daily

Fast food restaurant < 1/wk

Eating meals while
watching television < 1/wk

Trunk to peripheral fat ratio
Eating breakfast daily
Family dinner daily

Fast food restaurant < 1/wk

Eating meals while
watching television < 1/wk

—0.11 (=019, -003)

—021(-029,-0.13)

N=504

—1.29 (- 262, 0.03)
0.06 (- 0.78, 0.91)
—0.87 (- 1.80, 0.06)

—214(-=301,-1.27)

N =499
—1.94 (- 2.98, - 0.90)

—0.08 (- 0.75,0.58)

—091 (=164, -0.18)

—209 (=277, -141)

N=355

—1.78 (- 2.80, — 0.76)
—-0.10 (- 0.77, 0.57)
—0.07 (-0.79, 0.65)
—130 (=199, -062)

N=355

—0.65 (- 1.16, = 0.15)
0.13 (-0.20, 0.46)
—0.10 (=045, 0.26)
-0.71 (= 1.05,-0.38)

N=355

—0.02 (- 0.04, - 001)
0.01 (0.00, 0.02)
—0.01 (- 0.02, 0.00)
-0.02 (- 0.03, - 001)

—0.07 (- 0.15,0.02)

—0.16 (- 0.24, - 0.08)

—1.11 (=244, 0.23)
0.14 (- 0.69, 0.98)
—0.71 (- 1.64,022)

—1.94 (- 2.82,-1.07)

—1.38 (- 242, -034)

0.11 (=054, 0.77)

—046 (- 1.19,0.27)

—1.66 (- 2.35,-0.98)

—1.75 (=278, -0.72)
—0.04 (-0.71, 0.63)
—0.01 (-0.73,072)
—125 (=194, - 055)

—0.57 (- 1.08, = 0.06)
0.16 (- 0.16, 0.49)
—-0.01 (- 036, 0.35)
063 (-097, -0.29)

—0.02 (- 0.04, -001)
0.01 (0.00, 0.02)
—0.01 (- 0.02, 0.00)
-0.02 (- 0.03, - 0.01)

—0.04 (-0.12,0.04)

—0.13 (- 0.20, - 0.05)

—0.60 (- 1.87, 0.68)
0.13 (=067, 0.93)
—033 (- 1.22,0.56)

—1.55 (=239, -0.71)

—0.94 (-1.92,005)

0.09 (-053,0.71)

—0.14 (- 0.82, 0.55)

—1.33 (- 1.98, — 0.69)

—143 (=242, - 045)
—0.16 (- 0.80, 0.48)
021 (048, 0.90)
—1.10 (= 1.77, = 0.44)

—0.40 (- 0.88, 0.08)
0.10 (=021, 041)
0.11 (=022, 044)
-0.56 (- 0.88, —0.23)

—-0.02 (- 003, - 001)
0.01 (0.00, 0.02)

0.00 (- 0.01, 0.00)
-0.02 (- 0.03, -0.01)

—-0.29 (- 038, -0.21)

—021 (=029, -0.13)

N =491

—3.98 (=521, = 2.74)
—212 (-289,-1.36)
—321 (=407, —-234)

—244 (—3.25,-1.64)

N =483
—363 (—4.69, —257)

—217 (-283,-151)

—243 (=317, -1.68)

—232(=301,-162)

N =366

—2.34 (=321, -147)
—0.59 (- 1.14, — 0.04)
—1.78 (=240, - 1.15)
—0.88 (- 1.46, - 0.30)

N =366

—1.78 (=226, - 1.29)
—0.60 (=091, —0.30)
—129 (- 164, -094)
—0.74 (= 1.06, = 042)

N =366

—0.06 (- 0.08, —0.05)
—0.02 (=003, -001)
—0.04 (- 0.05, —0.03)
-0.03 (- 0.04, - 0.02)

-0.19 (- 0.27, - 0.10)

—0.06 (- 0.14,0.01)

—229 (-348,-1.10)
—1.57 (=229, - 0.84)
—217 (=3.00, - 135)

—1.04 (-1.81,-0.26)

—1.98 (- 2.98, —0.97)

—1.66 (—228,-1.04)

—1.39 (= 2.09, - 0.69)

—098 (- 1.64, - 032)

-193 (-277,-1.09)
—049 (- 1.02, 0.03)
—-1.28 (- 1.88, - 0.68)
—0.39 (=095, 0.17)

-123 (=169, - 0.78)
—045 (- 0.74, - 0.16)
—0.86 (= 1.19, = 0.53)
—0.31 (=061, 0.00)

—0.06 (=007, —0.04)
—0.02 (=003, -001)
—0.03 (- 0.04, - 0.02)
-0.02 (- 0.03, - 0.01)

-0.09 (- 0.17, = 0.02)

—0.03 (- 0.10, 0.04)

—159 (=267, -051)
—1.14 (- 1.80, — 0.48)
—1.23 (- 1.99, — 048)

—0.70 (- 1.40, 0.01)

—147 (=239, - 0.54)

—134 (=191, -0.77)

—064 (-1.29,001)

—0.74 (- 1.35,-0.14)

—147 (=225, - 0.68)
—0.29 (- 0.78, 0.19)
—0.89 (- 1.45,-033)
—0.15 (- 067, 037)

-092 (-1.33,-051)
—0.32 (=057, — 0.06)
—0.60 (= 0.90, —0.31)
-0.15 (=042, 0.12)

—0.05 (- 0.06, —0.03)
—0.02 (=003, - 0.01)
-0.03 (- 0.04, —0.02)
-0.01 (- 0.02, 0.00)
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Table 3 Longitudinal associations of dietary behaviors throughout childhood (ages 4 to 11 years) with adiposity and estimated

insulin resistance in early adolescence (N =995) (Continued)

Boys Girls

B (95% Cl) B (95% Cl)

Model 1° Model 2° Model 3¢ Model 1° Model 2° Model 3¢

% difference (95% Cl) % difference (95% Cl)
HOMA-IR N=304 N=275
Eating breakfast daily —20.1 (-268,-129) =177 (-247,-10.1) —156(-227,-79) —171(-238,-97) -92(-165-1.2) -78(=15.1,0.1)
Family dinner daily -80(-132,-26) —6.8 (—120,-13) -73(=124,-198) -70(=120,-17) -31(-8222 —-32(=81,21)
Fast food restaurant < 1/wk ~ —10.1 (=155, -43) —83(-139,-24) -76(=132,-1.7) —133(=185,-77) —85(-138,-28) —6.6 (- 120, —0.9)
Eating meals while -139(-189,-86) —11.7(-168,-62) —10.7 (=158, -5.2) —34(-88,23) 3.1 (=25,9.1) 37(-18,96)

watching television < 1/wk

BMI Body mass index, HOMA-IR Homeostatic model assessment for insulin resistance, Bl Bio-impedance, DXA Dual-energy X-ray absorptiometry. *Adjusted for
child’s age at exposures and outcome (except for BMI Z-Score); ®"Model 1 additionally adjusted for child race/ethnicity and maternal education, marital status, and

parity, “Model 2 additionally adjusted for pre-pregnancy BMI

eating fast food less than once per week were both asso-
ciated with lower adiposity in girls and lower insulin re-
sistance in boys. Finally, eating meals while watching
television was associated with adiposity and insulin re-
sistance mainly in boys.

Our results are mostly in line with previously pub-
lished observational reports for trends in dietary behav-
iors during childhood, but add to current literature with
our longitudinal assessments. Breakfast frequency in
children and adolescents was investigated in several
studies in various populations, and these studies consist-
ently showed a decrease in breakfast consumption from
childhood to adolescence [12-15]. Important variations
in breakfast eating across countries and regions have
been reported, and lower odds of eating breakfast daily
were observed in girls, children from a family with a
lower socio-economic status and a family structure that
did not include two parents [12]. Throughout childhood,
we found an even proportion of children eating breakfast
daily between ages four and ten; however, we found an
association of daily breakfast eating with maternal
household income, education and marital status, as well
as with maternal BMI and child’s race/ethnicity, but not
with child’s sex. Observational and longitudinal studies
in children have suggested that regular breakfast con-
sumption plays a role in the prevention of excess adipos-
ity and obesity during childhood and adolescence [15],
despite higher energy intakes with regular breakfast con-
sumption [13]. The overall nutritional profile is typically
improved with regular breakfast eating, including higher
intakes of micronutrients, fruits, whole grains and dairy
[16]. Eating breakfast could also impact global dietary
quality and energy intakes beyond breakfast itself by in-
fluencing hunger and satiety for the remaining meals
[15]. However, results from intervention studies includ-
ing breakfast initiation as a weight loss strategy have
yielded inconclusive results [17] and a recent review sug-
gested positive to neutral support for the inclusion of
breakfast for improvements in appetite control, satiety,

and postprandial energy expenditure [18]. In the present
study, we showed that daily breakfast consumption
throughout childhood had the strongest association of
all behaviors examined with lower adiposity in early ado-
lescence in both boys and girls, and we added to the pre-
vious studies by demonstrating an association with
lower insulin resistance in boys. Our findings thus cor-
roborate results from previous observational studies, and
our longitudinal assessment suggest that long-term
breakfast consumption, starting at an earlier age could
be a key element explaining some of the breakfast bene-
fits. Our results also suggest that amongst childhood
dietary behaviors, breakfast habits could possibly be one
of the most important for both boys and girls on which
to focus interventions.

The benefits of family dinner have also been studied
quite extensively. For example, in the Growing Up
Today Study (GUTS), 50.7% of children ate dinner to-
gether with family every day at age 9, a proportion that
decreased to 35.4% by age 14 [19]. Although the propor-
tion of children eating dinner with their family daily was
slightly higher in our study sample at age 9 (58%), a
similar decrease was observed with 46% of children eat-
ing dinner with their family daily by age 11. Eating meals
together with family may contribute to healthful dietary
intakes such as increased fruit and vegetables consump-
tion and less fried food and soda [19-21]. In addition,
family dinner frequency has been associated with child-
hood obesity in some [19, 21], but not all studies [22]. In
GUTS, the frequency of eating dinner together with
family was not associated with the likelihood of becom-
ing overweight in longitudinal analyses and no
sex-specific differences were reported [22]. In contrast,
we found an association between daily family dinner
throughout childhood and BMI-z as well as some adi-
posity measurements in girls in early adolescence. This
discrepancy could be explained by the children’s age at
assessment. In GUTS, children were 9 to 14 years of age
at inclusion while we included children starting at 4



Gingras et al. International Journal of Behavioral Nutrition and Physical Activity

years old, thus suggesting greater effects of this behavior
if sustained starting at younger ages.

Fast food consumption has on average increased over
the past decades and increases with age across childhood
and adolescence [23, 24]. In the 2011-2012 National
Health and Nutrition Examination Survey (NHANES), a
lower caloric intake from fast food was found in
non-Hispanic Asian children and no differences were
noted by sex and poverty status [24]. Fast food meals
and food items are typically energy-dense and have a
poor nutrient profile. Fast food consumption in children
has been associated with higher energy, fat, sodium, and
sugar intakes as well as lower intakes of fruits, vegetables
and fiber [25, 26]. Results from cross-sectional studies in
children investigating the association between higher fast
food intake and BMI are somewhat inconsistent [27],
but results from GUTS (9 to 14 years old) showed that a
yearly increase (from never or <once per week to 4-7
times per week) in the consumption of fried food away
from home was associated with higher BMI compared to
children with a constant low intake of fried food away
from home, with similar findings between girls and boys
[28]. However, we found associations of fast food con-
sumption throughout childhood with adiposity only in
girls and with insulin resistance in boys and girls. Mech-
anisms including caloric intake compensation or respon-
siveness to internal cues of hunger and satiety should be
investigated to try and explain these differences between
boys and girls.

To our knowledge, no study has reported trends in
eating meals while watching television across childhood
or associations of eating while watching television with
adolescence obesity or adiposity. Watching television it-
self has been associated with obesity, in part due to in-
creased sedentary time, but it could also be related to
dietary behaviors and choices [29, 30]. Moreover, eating
meals or snacks while watching television is common in
children and it has been associated with increased en-
ergy intakes, poorer diet quality and increased intakes of
sugar and fat, snack food, and sugar-sweetened bever-
ages, as well as lower intakes of fruits and vegetables
[31, 32]. These effects of eating while watching television
could be explained by the increased exposure to un-
healthy food advertisement targeting children [33] or to
the effects of “mindless or inattentive eating” [34]. Again,
we observed sex-specific associations for this behavior,
with eating meals while watching television being associ-
ated with adiposity and insulin resistance mainly in boys.
Future studies should examine underlying mechanisms
explaining these sex-related differences.

A key finding of our study was that several healthful
dietary behaviors throughout childhood were associated
with lower estimated insulin resistance in boys in early
adolescence, some independently of BMIL Type 2
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diabetes is a growing health concern in children [35].
Unbhealthy lifestyle behaviors during childhood com-
bined with increased body weight likely contribute to
the risk of prediabetes; however, the contributing role of
dietary behaviors throughout childhood remains scarcely
studied. Our results indicate that daily breakfast eating,
daily family dinner, and eating meals while watching
television less than once per week throughout childhood
were associated with lower early adolescence HOMA-IR
in boys, even after adjustment for current BMI-z, sug-
gesting potential benefits of these behaviors beyond
weight control. Our results support the need for nutri-
tion education for diabetes prevention in youth.

Our findings also highlight the importance of adopting
healthful dietary behaviors early on, and maintaining
them throughout childhood. Other studies have shown
that behaviors set in childhood are likely to become
habits and carry into adulthood, further increasing the
long-course benefits of early healthful behaviors [36—38].
For example, the longitudinal association between diet
quality and lifestyle behaviors was examined in the
NEXT Plus Study [36]. Over a 4-year period from ado-
lescence to adulthood, breakfast, family meals and eating
meals while watching television decreased while fast
food consumption increased. Breakfast and family meals
as well as less frequent fast food and meals during televi-
sion viewing throughout late adolescence were all associ-
ated with healthier diet quality in young adulthood [36].

An expert committee including representatives of 15
national health care organizations published recommen-
dations regarding the prevention, assessment and treat-
ment of child and adolescent overweight and obesity
[39]. Their recommendations included a list of healthful
lifestyle habits recognized as effective in preventing ex-
cessive weight gain. The following behaviors were in-
cluded in this list: eating breakfast daily, limiting eating
out at restaurants, particularly fast food restaurants, and
encouraging family meals in which parents and children
eat together [39]. Avoiding eating while watching televi-
sion was not included in the list, although limiting
screen and television time was. Our results provide em-
piric evidence to support the importance of these dietary
behaviors starting early and maintained throughout
childhood and their potential significance for
family-based interventions targeting childhood obesity.
Moreover, we have identified several associations be-
tween socio-demographic characteristics (household in-
come, maternal education, marital status, and
pre-pregnancy BMI, and child’s race ethnicity) and dietary
behaviors, highlighting the need to consider
socio-economic status in the development of dietary inter-
ventions. In addition, several other lifestyle behaviors in-
cluding, for example, physical activity, sleep patterns and
sedentary behaviors or screen time have been associated
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with child’s adiposity [39-43]. Although not included in
the present analysis, these lifestyle behaviors could be po-
tential mediators of the observed associations and should
be considered for future family-based interventions.

Strengths of this study include its large sample size
and the longitudinal data collected prospectively over
nearly ten years. Very few prior studies have investigated
dietary behaviors throughout childhood including mul-
tiple time points to investigate their long-term effects
through adolescence. To our knowledge, this is also the
first study examining longitudinal associations of dietary
behaviors and insulin resistance in adolescents. Whether
these dietary behaviors remain associated with adiposity
or insulin resistance and prediabetes risk during the
transition from adolescence to adulthood should be
investigated. Our analyses were adjusted for several ma-
ternal and child socio-demographic characteristics; how-
ever, our study sample was mainly white, with a higher
family income and education level, therefore limiting the
generalizability of the results. Another limitation is that
we collected self-reported pre-pregnancy weight at the
initial prenatal visit, and maternal BMI was a strong
confounder of the relationship between child behaviors
and BMI. However, among 343 women who had weight
recorded in the medical record in the 3 months before
their last menstrual period, the association between
self-reported and clinically measured weight was linear
(r=0.997) [44]. Also, dietary behaviors were assessed by
mothers from age 4 to 8, and by children from age 9 to
11, and we cannot exclude that maternal or child an-
swers may differ; yet, whether one or the other is more
reliable is unknown. At age 9, dietary behaviors were
assessed in both maternal and child questionnaires, and
accordance between answers was modest (kappa coeffi-
cients = 0.18 for eating while watching television less than
once per week, 0.48 for eating breakfast daily, 0.18 for eat-
ing fast food less than once per week and 0.42 for eating
dinner with family daily). In addition, insulin resistance
was estimated from fasting insulin and glucose levels and
not with gold-standard clamps; yet, HOMA-IR has been
shown to have a high sensitivity and specificity for dy-
namic indices of insulin resistance measured during an
oral glucose tolerance test in obese adolescents [45].
Finally, we could not assess whether these healthful diet-
ary behaviors were associated with adiposity and body
weight through reduced caloric intake or improved dietary
quality, or through different mechanisms.

Conclusions

In conclusion, the frequency of healthful dietary behav-
iors decreases slightly in childhood with advancing age.
Healthful dietary behaviors throughout childhood are as-
sociated with lower adiposity measures as well as lower
estimated insulin resistance in early adolescence, and
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sex-specific associations were identified. Daily breakfast
eating appeared to have the largest effect and most con-
sistent association amongst the examined behaviors in
both boys and girls. Associations of fast food consumption
with adiposity were mainly observed in girls, and associa-
tions of eating while watching television with adiposity
and insulin resistance were seen mostly in boys. Healthier
dietary behaviors, which are possibly associated with a
healthier overall diet quality, could be translated into sim-
ple and applicable dietary advice for families and commu-
nities. The effectiveness of such interventions in various
socio-demographic settings remains to be assessed.
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